One-dimensional discrete chaotic processes are studied from a statistical-dynamical point of view. A set of equations which describe the behavior of the time correlation functions is derived with the aid of Mori's projector formalism. A condition under which a process is Markoffian is obtained, and an approximate method is developed for a non-Markoffian process. As an illustra tion, a time correlation function for a simple system is calculated and the comparison with results of computer simulations is made. The relation between the instability of a trajectory and the characteristic time of chaotic motions is also discussed.
I. Introduction
Turbulence has been the subject of many theoretical and experimental studies [1] [2] [3] [4] . The most important feature of recent theories is the concept of deterministic nonperiodic motions obey ing ordinary differential equations [1 -3] . This concept was first used by Lorenz [1] in his model for the Benard-Rayleigh convection. A dynamical system which exhibits turbulence shows a strong instability of it's trajectory in phase space: the separation distance between two initially-nearby trajectories grows exponentially in time, and the trajectory is extremely sensitive to the initial state. As a result, the time correlation vanishes as the time difference tends to infinity. Lorenz has also found that temporally-local maxima of one variable obey an approximate one-dimensional difference equation. This fact means that certain kinds of deterministic difference systems also show chaotic behaviors. Since Lorenz's work [1] , discrete chaos has become of great interest in ecological and chemical contexts [5] .
A one-dimensional discrete system is described by the difference equation where t indicates a discrete time. It depends on the shape of F(x) whether (1.1) has a chaotic solution or not [6] . Hereafter we assume that (1.1) has a chaotic solution. In the chaotic difference system, strong instability of the trajectory* and dis appearance of the time correlation are observed as in the differential case.
One of the main purposes of this paper is to construct a statistical-dynamical approach to the time correlation functions of chaotic motions of the difference system (1.1). In II. the statistical approach is described. A formulation is given in III. in order to study the time correlations. As illustrations, a few examples are considered in IV., and a summary and a discussion are given in V.
II. Statistical Description of Chaos
In the chaotic state, because of the strong instability of the trajectory, the power spectrum of the state variable becomes broad and m any modes with various time scales are excited, which stiffly couple to each other. In this sense, the problem may be regarded as a many-body problem. Also due to the strong trajectory instability, the initial memory of the system is rapidly washed out when we observe time-averaged quantities. Therefore, the system should be treated statistically.
Let us start with (1.1), which leads to is the probability distribution that Xt has a value x at the time t. Hereafter we assume that, as t tends to infinity, Pt{x) approaches a unique function P* (a;). Thus the steady chaotic state is specified by the steady probability distribution P*(x), which is the solution of P* (x) = P* (x).
(IX.4)
Chaotic motions have been studied with several quantities; e.g., the Kolmogorov entropy [7] and the rate of divergence of initially-nearby trajec tories [8] . The Kolmogorov entropy plays a central role in mathematics and is known to be connected with the rate of divergence of initially-nearby trajectories which is sketched in Appendix. In the following section, the relaxation process of chaotic motions is investigated with the use of the projector method of Mori [9] . To characterize the chaos, the decay rate of the time correlation is introduced, and the connection between the divergence rate and the decay rate is also investigated. It should be noted that throughout the present paper irregular, chaotic motions will be referred to as "fluctuations" and are regarded as the intrinsic fluctuations in the steady state specified by P*(x). where dt,r is the Kronecker delta. Thus ft is exactly a white noise, but is generally non-Gaussian. Hereafter, the condition / = 0 is referred to as the
III. Time Correlation Function in a Steady

Markoff condition.
On the other hand, for a system which does not satisfy the Markoff condition the memory effect may play a significant role. Roughly speaking, since £* decays mainly due to the first term in (III.5), it is expected that for | £ i | < l / e the memory effect is small; while for l / e < |£i | < 1 we must take into account this effect. When the memory effect is not negligible, the memory function may be expanded with the continued fraction method of Mori [10] . Figure 1 . The App. II gives an excellent agreement with the numerical result as compared with Appendix I. Also, the memory effect has a tendency to shorten the decay time. For another a, the qualitative features of the time correlation functions are the same as those in Fig. 1, and we conclude that the tim e correlation in this system decays almost exponentially rather than in a power form.
For the first example, we compared the diver gence rate k with the decay time To and found that as k increases (decreases) due to the variation of ß, then the steady probability distribution is exactly calculated to yield P * (z) = ( 1 -/?)/a(3a -2) for a ( l -a)/( 1 -ß) ^ x < ß and 1/(3a -2) for ß ^x ^a * * , the validity of which was examined bj7 , simulations. Hereafter we restrict ourselves to this particular case.
* This is equivalent to the condition under which the system has a period three solution ß, a and a ( l -a)/(l -ß) in this order. ** This probability distribution was first derived by Y. Oono. 
Y. Summary and Discussion
In certain cases the Poincare mapping of a differential chaos forms a system atic curve which corresponds to a one-dimensional discrete equation. The one-dimensional dynamics preserves the essen tial properties of the original one: e.g., the strength of the chaos and the behavior of the time correlation. Thus it is meaningful to study a relaxation process of fluctuations in a one-dimensional chaos. In the present paper, the discrete chaos was investigated from the statistical-dynamical viewpoint.
The main results of the present paper are summarized as follow s:
1) The equation which determines the behavior of the time correlation function was derived by using the projector method.
2) We obtained the condition under which the fluctuation decays exponentially, and an approx imate method was given to study the memory effect.
3) For a simple system, the theoretical result for the time correlation function excellently agrees with that of a computer simulation, and it was found that the time correlation vanishes almost exponentially.
4) It seems that even for a non-Markoffian process a plausible relation between the divergence rate and the effective decay time ex ists: as the divergence rate increases (decreases), the decay time becomes short (long). 
The result 4) implies that if
